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Communication Channels

Channel c is described by

message script Mc string constant
time script Tc string constant
read cursor rc extended natural variable
write cursor wc extended natural variable
M = 6 ;4 :7 ;1 ;0 ;3 ;8 ;9 ;2 :5 ;..
TJ = 3 :5 :5 ;20 ;25 ;28 ;31 ;31 ;45 ;48 ;...

| |
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if Vkey
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if key="y”
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else screen! “Well?” fi
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Input and Output

Repeatedly input numbers from channel ¢ , and output their doubles on channel d .

S = Vninat Md ;. =2 xMc ..,
S < ¢?.d! 2xc. S
proof

c?. d!2xc. §

rc.=rc+1.
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Repeatedly input numbers from channel ¢ , and output their doubles on channel d .

S = Vninat Md ;. =2 xMc ..,
S < ¢?.d! 2xc. S
proof

c?. d!2xc. §

= re:=rc+l. Md ;=2 xMc .1 A (wd:=wd+1). S

Md ;=2 xMc,. N Vn:nat Md 4,100 =2 % MC poi14n
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Input and Output

Repeatedly input numbers from channel ¢ , and output their doubles on channel d .

S = Vninat Md ;. =2 xMc ..,
S <= 7. d!2xc. §
proof
c?. d!2xc. S
= re:=rc+l. Md ;=2 xMc .1 A (wd:=wd+1). S

= Md ;=2 xMc,. N Vn:nat Md 4,100 =2 % MC poi14n

= Vn: nat Md 4., =2 x Mc ..,
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Repeatedly input numbers from channel ¢ , and output their doubles on channel d .

S = Vninat Md ;. =2 xMc ..,
S < ¢?.d! 2xc. S
proof

c?. d!2xc. S
= re:=rc+l. Md ;=2 xMc .1 A (wd:=wd+1). S
= Md ;=2 xMc,. N Vn:nat Md 4,100 =2 % MC poi14n
= Vn: nat Md ,,,,, =2 x Mc

rc+n

= S
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Communication Timing

real time need to know implementation

transit time input and output take time 0

communication transit takes time 1

input ¢? becomes t=t1(Tc,.+1). ?

check Ve becomes Jc, +1=<t

rc
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t=tN (T, +1). ?

wait (if necessary) for input and then read it
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Communication Timing

W = t=t(T,+1). c?

= wait (if necessary) for input and then read it
W < ifVcthen ¢?else r:=t+1. W fi

proof

if Vc then c? else t:= t+1. W fi
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W = t=t(T,+1). c?

= wait (if necessary) for input and then read it
W < ifVcthen ¢?else r:=t+1. W fi

proof

if Vc then c? else t:= t+1. W fi

if 7, +1=<tthenc?else t:=t+1. 1=t (T, +1). c?fi
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Communication Timing

W = t=t(T,+1). c?

= wait (if necessary) for input and then read it
W < ifVcthen ¢?else r:=t+1. W fi

proof
if vc then ¢? else := t+1. W fi
= if 7, +1=<tthenc?else t:=t+1. 1=t (T, +1). c?fi

= it T, +1=<rtthent=1 c?
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Communication Timing

W = t=t(T,+1). c?

= wait (if necessary) for input and then read it
W < ifVcthen ¢?else r:=t+1. W fi

proof
if Vc then ¢? else r:= +1. W fi
= if 7, +1=<tthenc?else t:=t+1. 1=t (T, +1). c?fi
= ifT,+1<tthent:=r. c?elser:=(H+D)1(T,.+1). c?h
= ifT,+1<tthent:=t1(T,.+1). ?elset:=t1 (T, +1). c?Hhi

= w
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Recursive Communication
dbl = ¢?. d! 2xc. t:=t+1. dbl

weakest solution
Vn: nat Md 4., =2 x McC oy N Td gy, =10
strongest implementable solution
(Vn: nat Md 4., =2 x Mc oy N Td pgip = t+0)
A rc'=wd'=t'=0 A wc'=wc AN rd'=rd
strongest solution

1

Vn:nat Md 4., =2 x Mc ooy N Td yyp,=t+n <= dbl

dbl <= c?. d!2xc. t:=t+1. dbl
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c?. d! 2xc. t.=t+1. dbl,
re=rc+l. Md =2 xMc oy N Tdyy=t N(wd:=wd+1). t=t+1. T

ded=2xMc,.c A wad:t

c?. d! 2xc. t=t+1. dbl,
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dbl,

dbl,,

Recursive Construction

c?. d! 2xc. t.=t+1. dbl,
re=rc+l. Md =2 xMc oy N Tdyy=t N(wd:=wd+1). t=t+1. T

ded=2xMc,.c A wad:t

c?. d! 2xc. t=t+1. dbl,

re=rc+l. Md =2 xMc o1 N Tdyy=t A (wd:=wd+1). t:=1t+1.
Md g =2xMc . N Td,=t

Md yy=2xMc,. N Tdyy=t N Md .1 =2xXMC poi1 N Td g =1+1

Vn:nat Md 4., =2 x Mc oy N Td gy, =140
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Monitor

x0in ——»

x0ack «———

xlin —»

xlack «——

«—x0req
—— xOout

«—xlreq

- »x/out
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monitor = (\/inn v Tx0in

Y (\/x]in v Ixlin

Monitor

x0in ——»
xOack «——

xlin —»
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«—x0req
—— xOout

«—xlreq

- »x/out

rx0in

rxlin

=m) A (x0in?. x:=x0in. x0ack! T)

=m) A (x1in?. x:=xlin. xlack! T)

v (VxOreq v TxOreq rx0reg = M) A (xOreq?. xOout! x)

v (Vxlreq v Txlreq rxlreq = M) A (xIreq?. xlout! x).
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v (Vxlreq v Txlreq rxlreq = M) A (xIreq?. xlout! x).

monitor
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Monitor

x0in —— «—x0req

x0ack «—— — xOout
X

xlin —» «—xlreq

xlack «——— —— x/out

Let m = [[Tx0in prpins TXLiN py1is TXOVEG prpreqs TXITEG pfreq]
monitor = (Vx0in v Tx0in ro0in =1) A (x0in?. x:=x0in. x0ack! T)
v (VWxlinv Ixlin ., =m) A (xlin?. x:=xlin. xlack! T)
v (VxOreq v TxOreq rx0reg = M) A (xOreq?. xOout! x)
v (Vxlreq v Txlreq rxlreq = M) A (xIreq?. xlout! x).

monitor
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monitor <—

Monitor

x0in ——»
xOack «——

xlin —»

xlack «——

«—x0req
—— xOout

«—xlreq

- »x/out

if VxOin then x0in?. x:= x0in. xOack! T else ok fi.

if Vxlin then x1in?. x:= xlin. xlack! T else ok fi.

if VxOreq then xOreq?. xOout! x else ok fi.

if VxIreq then xIreq?. xlout! x else ok fi.

t:=t+1. monitor
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